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ABSTRACT This study examines the mtDNA diver-
sity of the proposed descendants of the multiethnic Ho-
hokam and Anasazi cultural traditions, as well as Uto-
Aztecan and Southern-Athapaskan groups, to investigate
hypothesized migrations associated with the Southwest
region. The mtDNA haplogroups of 117 Native Americans
from southwestern North America were determined. The
hypervariable segment I (HVSI) portion of the control
region of 53 of these individuals was sequenced, and the
within-haplogroup diversity of 18 Native American popu-
lations from North, Central, and South America was an-
alyzed. Within North America, populations in the West
contain higher amounts of diversity than in other regions,
probably due to a population expansion and high levels of
gene flow among subpopulations in this region throughout
prehistory. The distribution of haplogroups in the South-
west is structured more by archaeological tradition than
by language. Yumans and Pimans exhibit substantially
greater genetic diversity than the Jemez and Zuni, prob-
ably due to admixture and genetic isolation, respectively.
We find no evidence of a movement of mtDNA lineages
northward into the Southwest from Central Mexico,
which, in combination with evidence from nuclear mark-
ers, suggests that the spread of Uto-Aztecan was facili-
tated by predominantly male migration. Southern Atha-
paskans probably experienced a bottleneck followed by
extensive admixture during the migration to their current
homeland in the Southwest. Am J Phys Anthropol 120:
108–124, 2003. © 2003 Wiley-Liss, Inc.
Stretching from Baja California to New Mexico
and from Utah and Colorado south to the regions of
Sonora and Chihuahua, the southwestern region of
North America is characterized by diversity in land-
scape and culture. The people indigenous to this
region include speakers of the Yuman, Seri, Piman,
and Southern Athapaskan (Na-Dene) languages, as
well as the culturally defined Pueblo groups. The
languages and cultures of these five groups differ
markedly, and the five are presumed to have expe-
rienced separate origins and prehistories. The study
of prehistory of the southwestern region of North
America is dominated by evidence of geographically
widespread archaeological cultures practiced by
multiethnic groups exhibiting marked language di-
versity. Ironically, in contrast to the great linguistic
diversity, the region is genetically characterized by a
remarkably homogenous and high frequency of mi-
tochondrial DNA (mtDNA) haplogroup B (Lorenz
and Smith, 1996). Using a larger and more repre-
sentative sample of populations and mtDNA se-
quence data, this study examines the genetic struc-
ture of the descendants of the multiethnic Hohokam
and Anasazi cultural traditions as well as the nature
of the hypothesized Uto-Aztecan and Southern
Athapaskan migrations into or from the Southwest
region.
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BIOCULTURAL CONTEXT
The Yumans inhabit the western end of the South-
west (Fig 1). Yuman languages have been divided
into four major branches: 1) Kiliwa, consisting only
of the Kiliwa language, located in Baja California; 2)
Pai, located in Baja California and Arizona; 3) River
Yuman, along the Colorado River, in southern Cal-
ifornia, and northern Baja California; and 4) Delta
Yuman, within the Colorado Delta (Kendall, 1983).
However, minor differences among Yuman lan-
guages indicate that the divisions within the lan-
guage family are not very ancient, but instead rep-
resent a continuum of very closely related languages
across geographic space (Kendall, 1983). Kiliwa is
the most divergent of the four Yuman branches.
Linguistically, the Cochimi represent the closest rel-
ative outside of the Yuman language family, and has
often been classified within this family in the past
(Goddard, 1996). Based on the pre-European-contact
homeland of the Kiliwa and Cochimi, proto-Yuman
Fig. 1. Geographic location of populations analyzed in this study.
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is believed to have originated in Baja California and
to have begun diversifying and expanding north-
ward approximately 1,000 years before present (BP)
(Hale and Harris, 1983). The material culture of the
ancestors of Yuman speakers is presumed to be the
Hakataya (a part of which is referred to as Patayan)
archaeological tradition (Schroeder, 1963; Cordell,
1997). This tradition was centered in the Colorado
River valley and extended Southwestward into
southern California and Baja California (Schroeder,
1963).
The Seris live across the Sea of Cortez from Baja
California in Sonora, Mexico and speak an isolate
language (Fig.2). The geographic proximity of the
Seri to Yuman speakers suggests the potential for a
recent admixture. In addition, Kroeber (1915) pre-
sented a strong case for including Seri in the Hokan
language superfamily together with Yuman lan-
guages and languages surrounding California’s cen-
tral valley. Currently, the exact relationship be-
tween the Yuman and Seri is undefined (Goddard,
1996).
The upper Pimans, consisting of the Akimal
O’odham (Pima) and the Taono O’odham (Papago)
peoples, are located in southeastern Arizona and the
Mexican state of Sonora and are part of the Tepiman
languages, which extend from Jalisco to Arizona.
While the Akimal O’odham have admixed with other
nearby groups, such as the River Yuman, the Taono
O’odham have remained highly endogamous (Smith,
1981). Thus, a comparison between the Akimal
O’odham and Taono O’odham could reveal genetic
traits acquired by the Akimal O’odham through ad-
mixture (Brown et al., 1958).
The Tepiman languages are part of the Uto-Az-
tecan language family, whose distribution extends
from Central America to the northern peripheries of
the Great Basin. The origin of the Uto-Aztecan lan-
guage family is disputed. The largest amount of
diversity among Uto-Aztecan languages is located in
Southern California, suggesting that the greatest
antiquity and, therefore, the homeland for Uto-Az-
tecan is in Southern California approximately 5000
BP (Miller, 1983). However, Hill (2001) argued that
Uto-Aztecan originated in Central Mexico, later
spreading into the Southwest, Southern California,
and the Great Basin. The spread of Uto-Aztecan
languages northward might have been driven by the
development of maize cultivation and a related pop-
ulation expansion in Central Mexico, which Hill
(2001) believes is the source of agriculture-related
terms in Hopi.
The intrusion of a Mesoamerican influence, in-
cluding agriculture, into the Southwest about 3500–
2500 BP coincides with the fluorescence of the Ho-
hokam cultural tradition, while the decline of that
tradition roughly temporally correlates with the di-
versification of proto-Yuman. Schroeder (1963) ar-
gued that the Hohokam tradition emerged from a
Mesoamerican cultural influence on the Hakataya
tradition, widely considered to have been practiced
by ancestors of modern Yuman-speaking tribes, but
others regard Hohokam as an introduction of Me-
soamerican emigrants (DiPeso, 1956). Whether the
expansion of Mesoamerican influence in the Ameri-
can Southwest was demic (i.e., the result of the
migration of peoples) or simply the expansion of
cultural interaction spheres, both proto-Yumans
and proto-Pimans are hypothesized to have partici-
pated in the Hohokam tradition. Linguistic evidence
(Shaul and Hill, 1998) and evidence from burial
practices (Shaul and Anderson, 1989) suggest that
Hohokam encompassed a multiethnic community
that consisted of ancestors of Yumans and Pimans,
and perhaps also the Zuni later in time.
Pueblo groups are geographically confined to the
northern region of the Southwest and include a lin-
guistically diverse set of people who share common
cultural traits, including living in compact perma-
nent settlements, a common ceremonial system, and
similar world-view (Eggan, 1950). The antecedents
of this multilingual group consisted of four different
language families, Uto-Aztecan, Zuni, Keresan, and
Kiowa-Tanoan, whose speakers share relative ge-
netic homogeneity (Brown et al., 1958; Workman et
al., 1974), and whose ancestors are presumed to be
the people of the Anasazi tradition, dating as early
Fig. 2. Geographic locations of populations in the Americas
analyzed for diversity in haplogroup B. 1, Nuu-Chah-Nulth
(Ward et al., 1991); 2, Yakima (Shields et al., 1993); 3, Washo
(Kaestle, 1998); 4, Yuman (this study); 5, Pueblo (this study); 6,
Piman (this study); 7, Norris Farms (Stone and Stoneking, 1998);
8, Choctaw (Weiss, 2001); 9, Chickasaw (Weiss, 2001); 10, Cher-
okee (Malhi et al., 2001); 11, Ngobe (Kolman et al., 1995); 12,
Kuna (Batista et al., 1995); 13, Cayapa (Rickards et al., 1999); 14,
Yanomama (Merriwether et al., 2000); 15, Xavante (Ward et al.,
1996); 16, Pehuenche (Moraga et al., 2000); 17, Mapuche (Chile)
(Moraga et al., 2000); 18, Mapuche (Argentina) (Ginther et al.,
1993).
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as 3000 BP (Fagan, 2000). The connection between
the Anasazi and modern Pueblo groups is strength-
ened by a continuous culture chronology between
the two. In addition, Carlyle et al. (2000) showed
that the mitochondrial haplogroup frequency distri-
butions of Anasazi people from Grand Gulch, dating
to 2000 BP, are not significantly different from those
of modern Pueblo groups, establishing biological as
well as cultural continuity.
The Southern-Athapaskan speakers, the Navajo
and Apache, are widely dispersed throughout the
central region of the Southwest. Archaeologists and
linguists agree that their ancestors arrived in the
Southwest from a homeland to the north relatively
recently, approximately 500 BP (Basso, 1983), and
quickly adapted in diverse ways to their new home-
land. The Navajo adopted a Pueblo lifestyle display-
ing the cultural patterns similar to those seen in the
Hopi, Zuni, and other Pueblo groups. The Apache,
however, maintained a nomadic lifestyle.
MATERIALS AND METHODS
Populations studied
The locations of the populations studied in the
Southwest are shown in Figure 1. The sources for
serum samples from the Zuni, Jemez, Akimal
O’odham, Northern Paiute, Nahua, Pai Yuman,
River Yuman, Delta Yuman, Kiliwa, Cochimi, Na-
vajo, and Apache are described in Smith et al.
(2000). The Seri samples were obtained from Clara
Gorodezky (Department of Immunogenetics, IN-
DRE, Mexico City, Mexico), and the Taono O’odham
samples from Moses Schanfield (Analytical Genetics
Testing Center, Denver, CO). The Zuni and Jemez
are Pueblo groups. The upper Piman speakers (Aki-
mal O’odham and Taono O’odham), the Northern
Paiute of the Great Basin, and the Nahua from
Cuetzlalan, Mexico all speak Uto-Aztecan lan-
guages. The Yavapai, Paipai, Kumeyaay (Diegueno),
and Kiliwa represent the four main branches of the
Yuman language group, and the Cochimi speak the
most closely related language outside the Yuman
group. Additional samples from the literature and
from Lorenz et al. (unpublished) were included in
analyses of group diversity (Ward et al., 1991, 1996;
Ginther et al., 1993; Shields et al., 1993; Batista et
al., 1995; Kolman et al., 1995; Kaestle, 1998; Rick-
ards et al., 1999; Merriwether et al., 2000; Moraga et
al., 2000; Malhi et al., 2001; Weiss, 2001).
The haplogroups of a total of 117 Native Ameri-
cans were determined by restriction fragment
length polymorphism (RFLP). A subset of 53 sam-
ples was sequenced from nucleotide positions (np)
16055–16548 in this study and analyzed together
with an additional 29 samples that had been previ-
ously sequenced (Table 1).
DNA extraction and typing
DNA was extracted from 200 l of serum using
the Qiagen Blood Amp Kit. Amplification reactions
were carried out in a 25-l volume with 1–3 l of
DNA template, 50 M of each primer, 10X Buffer (50
M Tris, pH 8.4, 1.5 M MgCl2, 20 M NaCl, and
500 mg/ml BSA), 1.5 units of Platinum Taq (Gibco),
200 M of each dNTP, and 13.3 l of ddH2O. After
an initial 4-min denaturation step at 95°C, 40 cycles
were performed consisting of a denaturing at 95°C
for 30 sec, an annealing step at 52–55°C for 30 sec,
and an extending step at 72°C for 30 sec, followed by
a final 3-min extension at 72°C. A 5-l portion of
amplification product was electrophoresed on a 6%
polyacrylamide gel and stained with ethidium bro-
mide to confirm the presence of PCR product. To
assess the presence or absence of diagnostic restric-
tion sites, the remaining 20 l were incubated with
10 units of the appropriate restriction enzyme over-
night at 37°C. Primers used for amplification of
these segments are described in Smith et al. (1999).
Hypervariable segment I (HVSI) of the control
region was amplified using primers described in
Smith et al. (1999). The PCR products were filtered
using a Microcon 100 filter unit (Millipore) and then
submitted for sequencing to the DBS Automated
DNA sequencing facility at the University of Cali-
fornia at Davis. Both the heavy and light strands
were sequenced to preclude sequencing errors. All
sequences generated for this study can be found in
the Appendix.
DNA haplogroup and sequence analysis
Altogether, 479 individuals, including those from
362 additional samples previously studied or re-
ported in the literature, were analyzed in this study.
Any individuals in a given sample determined not to
TABLE 1. Samples used for dna sequence analysis1
Population N References
Alaskan Athapaskan 5 Shields et al., 1993
Tlingit 1 Torroni et al., 1993
Apache 8 This study (7); Torroni et
al., 1993
Navajo 7 This study (6); Torroni et
al., 1993
Jemez 8 This study
Zuni 5 This study
Akimal O’odham 7 This study (6); Torroni et
al., 1993
Taono O’odham 3 This study
Northern Paiute 6 Kaestle, 1998
Nahua 5 This study
Seri 8 This study
Pai 5 This study (3); Lorenz and
Smith, 1997
Cochimi 1 This study
Cocopa 2 Lorenz and Smith, 1997
Kiliwa 3 This study (1); Lorenz and
Smith, 1997
Kumeyaay 4 This study (1); Lorenz and
Smith, 1997
Luiseno 1 Lorenz et al., unpublished
Tubatulabel 1 Lorenz et al., unpublished
Opata 1 Lorenz et al., unpublished
Gabrielino 1 Lorenz et al., unpublished
1 Numbers in parentheses indicate number of samples analyzed
in this study.
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belong to haplogroups A, B, C, D, or X were assumed
to represent non-Native American admixture
(Smith et al., 1999) and were excluded from analy-
sis. Treating the five Native American haplogroups
as alternate alleles at a single locus, gene (haplo-
group) diversity was estimated as:




2  n  1
(Nei, 1987), where n is the number of gene copies in
the sample, k is the number of haplogroups, and pi is
the sample frequency of the i-th haplogroup.
Pairwise comparisons and tests for homogeneity
of haplogroup frequency distributions were made
between all populations and groups using Fisher’s
exact probability (Weir, 1990), bootstrapping each
comparison with 1,000 iterations using the Genepop
software program (Raymond and Rousset, 1995).
The Kiliwa and Seri were excluded from this part of
the analysis due to their extremely small sample
sizes (7 and 8, respectively). Genetic distances were
calculated between all pairs of populations in the
Southwest, using the chord distance measurement
of Cavalli-Sforza and Edwards (1967) in GENDIST,
and phylogenetic trees were constructed by the
neighbor-joining method using NEIGHBOR and
DRAWTREE in the PHYLIP 3.572 software package
(Felsenstein, 1993). A consensus tree was con-
structed, with 100 iterations, using SEQBOOT and
CONSENSUS in the PHYLIP software package. A
principal coordinates analysis was performed for all
groups inhabiting the Southwest. The coordinates
were calculated in Genstat for Windows, using ge-
netic similarity between populations (1  FST), cal-
culated from FST values determined in Arlequin ver-
sion 2.000 (Schneider et al., 2000), and the first two
coordinates are reported. Finally, an analysis of mo-
lecular variance (AMOVA) was performed, using the
Arlequin package (Schneider et al., 2000), to deter-
mine whether gene flow in populations in the South-
west was structured more strongly by language
boundaries or by shared archaeological traditions.
Due to the polyphyletic lineage history of Native
Americans (Schurr et al., 1990), we limited our anal-
yses to within-haplogroup comparisons. By exclud-
ing interhaplogroup comparisons, we preclude most
influence of prehistoric population events that oc-
curred in Asia prior to settlement of the Americas.
Due to sampling and variation in haplogroup fre-
quencies of Native American groups, some haplo-
groups are better suited for answering specific ques-
tions about population prehistory than others.
Haplogroups A, B, and C are high in frequency in
northern Athapaskans, Southwest populations, and
most Uto-Aztecan groups, respectively. Therefore, in
this study, haplogroup A was used to study the
Southern Athapaskan migration, haplogroup B to
study genetic relationships among Southwest popu-
lations, and haplogroup C to investigate the spread
of the Uto-Aztecan languages. Haplogroups D and X
are nearly absent from Southwest populations, and
therefore were excluded from analysis. Haplotype
median-joining networks were constructed using the
Bandelt Network Program (Bandelt et al., 1999).
Nucleotide positions 16182–16183 were excluded
from analysis of haplogroup B haplotypes, since
polymorphism at these sites appears to be hyper-
variable and is neither informative of phylogenetic
relationships nor reported in a consistent manner by
different authors. Nucleotide position 16519 was
also excluded from the analysis because it is hyper-
variable.








(Watterson, 1975), where S is the number of segre-
gating sites and n is the sample size.
All calculations were performed using the ARLE-
QUIN package (Schneider et al., 2000) and Mi-
crosoft Excel. Theta (S), which is similar to the
estimator E(v) as described by Excoffier and Lag-
aney (1989), reflects the diversity in a population
due to long-term history and is less influenced by
generational and sampling effects. Estimates of ge-
netic diversity within haplogroup C were excluded
from the analysis, because sample sizes within




As reported in previous studies (Lorenz and
Smith, 1994, 1996; Carlyle et al., 2000; O’Rourke et
al., 2000; Smith et al., 2000) and illustrated in Table
2, which gives the distribution of haplogroups by
group, lineage B is the predominant haplogroup in
the American Southwest region, reaching a maxi-
mum frequency in the Jemez Pueblo (89%) and a
minimum among the Western Apache (13.2%). The
frequency of haplogroup C is more uniform than that
of haplogroup B across populations of the South-
west, reaching a maximum in the Cochimi and Delta
Yuman populations (46.2% and 43.5%, respectively).
Consequently, gene diversity (h) is lower than 60%
for all but one of the 14 populations studied, because
most individuals belong to either haplogroup B or C.
Although most populations in the Southwest are
characterized by relatively high frequencies of hap-
logroups B and C, the fixation of haplogroup B in the
Kiliwa and the near fixation of haplogroup C in the
Seri are unusual. These findings probably reflect
sampling errors due to small sample size, or perhaps
intense genetic drift in extremely small and/or iso-
lated populations (Infante et al., 1999).
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Haplogroup A is extremely rare or absent in most
of the populations studied except the Southern
Athapaskans, i.e., the Navajo and Apache, in whom
its frequency reaches 51.6% and 63.2%, respectively,
and the Nahua, in whom its frequency reaches
61.3%. The Apache and Taono O’odham are the only
populations in the Southwest that exhibit haplo-
group D (approximately 5% in each population). The
rarity of haplogroup D in the Southwest is in stark
contrast to the high (48%) frequency of haplogroup D
among speakers of Uto-Aztecan languages in the
adjacent Great Basin (Paiute-Shoshone). Haplo-
group X is present in low frequency in the Jemez
Pueblo, Navajo, and Akimal O’odham (8.3%, 3.1%,
and 2.3%, respectively). The presence of haplogroup
X in the Akimal O’odham represents the first re-
ported incidence of this lineage in a Uto-Aztecan-
speaking population
Overall, Pueblo groups display a high frequency of
haplogroup B, Yuman and Piman groups exhibit
moderate frequencies of both haplogroups B and C,
and Athapaskan groups share high frequencies of
haplogroup A. In comparison to other Southwest
populations, the Zuni and Jemez Pueblo exhibit low
levels of gene diversity (0.394 and 0.208, respectively),
due to very high frequencies of haplogroup B. This
paucity of gene diversity could reflect matrilocal res-
idence and the lack of female gene flow from neigh-
boring or invading groups, consistent with the pre-
historic lifeways of these people (Steward, 1937;
Workman et al., 1974). The three Uto-Aztecan
groups studied here (the Paiute/Shoshone of the
Great Basin, the Akimal O’odham and Taono
O’odham of the arid Southwest, and the Nahua of
central Mexico) differ markedly from each other be-
cause of their uniquely high frequencies of haplo-
groups D, B, and A, respectively.
The Athapaskan groups cluster together in the
consensus tree (Fig. 3), as do the Delta and River
Yuman groups, probably due to common ancestry.
The results of Fisher’s exact test between all pairs of
populations reveal no significant difference among
the Yuman, Cochimi, and the Piman groups (P 
0.7067, SE  0.016). However, haplogroup distribu-
tions of the Navajo and Apache are significantly
different from each other (P  0.00, SE  0.00) as
well as from all other groups in the Southwest. The
haplogroup distribution of the Zuni and Jemez
Pueblo are also significantly different from each
other (P  0.014, SE  0.00), but the haplogroup
distribution of the Zuni Pueblo is not statistically
significantly different from that of the Pai Yuman
(P  0.22, SE  0.00). The Pai and Zuni Pueblo are
neighboring groups, and recent admixture could ex-
plain the similarity between them. However, the two
geographically distant Pai groups were pooled in
this analysis because they were not statistically in-
Fig. 3. Consensus tree of southwestern tribes, using chord
distance measures based on haplogroup frequency distributions.
TABLE 2. Haplogroup frequency distribution and haplogroup diversity of native american populations1
Population Language N A B C D X h References
Zuni Zuni 26 0.154 0.769 0.077 0.000 0.000 0.394 Lorenz and Smith, 1996; this
study (5)
Jemez Tanoan 36 0.000 0.889 0.028 0.000 0.083 0.208 Lorenz and Smith, 1996; Smith
et al., 1999; this study (3)
Akimal O’odham Uto-Aztecan 43 0.047 0.535 0.395 0.000 0.023 0.568 Torroni et al., 1993; Lorenz and
Smith, 1896; this study (6)
Taono O’odham Uto-Aztecan 37 0.000 0.568 0.378 0.054 0.000 0.546 This study
N. Paiute/Shoshoni Uto-Aztecan 94 0.000 0.426 0.096 0.479 0.000 0.586 Kaestle and Smith, 2001
Nahua Uto-Aztecan 31 0.613 0.323 0.065 0.000 0.000 0.533 Lorenz and Smith, 1996; this
study (2)
Pai Yuman Yuman 27 0.074 0.667 0.259 0.000 0.000 0.501 Lorenz and Smith, 1996; Smith
et al., 2000; this study (11)
River Yuman Yuman 22 0.000 0.636 0.364 0.000 0.000 0.485 Lorenz and Smith, 1996; Smith
et al., 2000; this study (1)
Delta Yuman Yuman 23 0.000 0.565 0.435 0.000 0.000 0.515 Lorenz and Smith, 1996; Smith
et al., 2000; this study (20)
Kiliwa Yuman 7 0.000 1.000 0.000 0.000 0.000 0.000 Lorenz and Smith, 1996; Smith
et al., 2000; this study (4)
Cochimi Yuman 13 0.077 0.462 0.462 0.000 0.000 0.614 Lorenz and Smith, 1996; Smith
et al., 2000; this study (3)
Seri Yuman 8 0.000 0.125 0.875 0.000 0.000 0.250 This study
Navajo Athapaskan 64 0.516 0.406 0.047 0.000 0.031 0.575 Torroni et al., 1993; Lorenz and
Smith, 1996; this study (8)
Apache Athapaskan 38 0.632 0.132 0.184 0.053 0.000 0.561 Torroni et al., 1993; Lorenz and
Smith, 1996; this study (9)
1 Numbers in parentheses indicate number of samples analyzed in this study.
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distinguishable from each other, suggesting that re-
cent admixture does not fully explain this pattern.
The AMOVA of haplogroup frequency distribu-
tions for populations in the Southwest assigned the
majority (74%) of haplogroup variation to differ-
ences within populations. Differences between de-
scendants of different archaeological (cultural)
traditions (26.17%) account for a greater propor-
tion of the total variation than do differences be-
tween language families (21.78%). This result sug-
gests that participation in common prehistoric
lifestyles and/or geography were more instrumen-
tal in structuring gene flow than was language in
the Southwest.
Fifty-three percent of the variation in the princi-
pal coordinates analysis, shown in Figure 4, is ac-
counted for by the first coordinate (X-axis), and 39%
is explained by the second coordinate (Y-axis). This
analysis revealed one main cluster that includes the
Yuman groups, the linguistically related Cochimi,
and the Akimal O’odham (Fig. 4), in agreement with
the results of Fisher’s exact test. The Zuni are lo-
cated equidistant from this main cluster and the
Jemez Pueblo. Finally, the Navajo and Apache
group at a distance from the main cluster. The high
frequency of haplogroup A, which the Navajo and
Apache share, is almost certainly due to common
ancestry, as haplogroup A approaches fixation in
other Athapaskan groups in Alaska, such as the
Dogrib (Torroni et al., 1993; Merriwether et al.,
2000; Lorenz and Smith, 1996), and it was probably
nearly fixed in the unadmixed Athapaskans who
founded the Apachean populations in the South-
west.
Deletions/insertions
Two of three Nahua members of haplogroup A
(assessed through the presence of the HaeIII restric-
tion site gain at np 663 and the presence of diagnos-
tic HVSI mutations at np 16223, 16290, 16319, and
16362) also possessed the COII-tRNAlys intergenic
9-bp deletion. This is consistent with previous con-
clusions that the 9-bp deletion has occurred more
than once in several different continents, and sug-
gests that the deletion has multiple origins in the
Americas, a pattern previously seen in Africa
(Soodyall et al., 1996) and India (Watkins et al.,
1999). The haplogroup A/9-bp deletion motif has
been reported in one Boruca individual (Torroni et
al., 1993), one Maya individual (Schurr et al., 1990),
three Baja Mixtec (Torroni et al., 1994), and 10
individuals from the Northern Mexican cities of
Juárez and Ojinaga (Green et al., 2000). Recently,
this derived form of haplogroup A was discovered in
three pre-Columbian Aztec individuals from Tlate-
loco, whose remains date to approximately 500–700
BP (Kemp et al., 2002). The only report of this type
outside of Mexico or Central America is in one indi-
vidual from Puerto Rico (Martı́nez-Cruzado et al.,
2001). It has been suggested that the haplogroup
A/9-bp deletion type was brought to Puerto Rico via
pre-Columbian slave trade between the Caribbean
Fig. 4. Principal coordinates analysis.
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and theYucatan Peninsula (Martı́nez-Cruzado et al.,
2001).
Two of three Taono O’odham samples assigned to
haplogroup B whose HVSI regions were sequenced
exhibited a CC insertion between np16193 and
np16194. This dinucleotide insertion was previously
unreported in Native North American populations
and might represent a private polymorphism in the
Taono O’odham population. However, this insertion
has also been reported in the Kuna, a Central Amer-
ican population, that is not linguistically closely re-
lated to the Taono O’odham (Batista et al., 1995). It
is unclear whether this dinucleotide insertion is hy-
pervariable and developed independently in the
Taono O’odham and the Kuna, or if this reflects a
distant common ancestry. Further analysis of addi-
tional HVSI sequences from members of haplogroup
B in the Americas is needed to address this issue.
DNA sequence analysis
The mtDNA haplotype networks based on HVSI
sequences are given in Figures 5–7 for haplogroups
A, B, and C, with sample sizes of 18, 36, and 29,
respectively. The haplogroup A network contains
Alaskan Athapaskan, Nahua, and Southwest haplo-
types. The Southern Athapaskans are found in three
haplotypes in the A network. Three Southern Atha-
paskan samples are found together with one
Yavapai haplotype, in what Forster et al. (1996)
described as the A1 founding haplotype. The re-
maining five Southern Athapaskan haplotypes are
found together in a clade (also containing two Alas-
kan Athapaskans and a Tlingit) defined by a muta-
tion at np 16331. The Nahua haplotypes cluster
together, but do not cluster with the Athapaskan
haplotypes, due to mutations at np 16111 and np
16390.
The haplogroup B network contains three central
shared haplotypes. However, the haplotype defined
by Forster et al. (1996) as the founding B lineage is
not shared. This latter haplotype is found only in
four Jemez samples. This is rather surprising, as
founding haplotypes are generally found in wider
distributions than derivative ones (Forster et al.,
1996). The most common haplotype, shared by the
Navajo, Zuni, Jemez, and Seri, is characterized by
Fig. 5. Haplogroup A network. Numbers correspond to last three digits of nucleotide position, and indicate defining mutations for
each clade. Size of circle and numbers preceeding names correspond to number of individuals found with that haplotype. Solid circles
represent hypothetical haplotypes not found in our sample.
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mutations at np 16111 and np 16483. The next most
common haplotype is shared among the Jemez, Co-
copa, and Cochimi samples, and is defined by a mu-
tation at np 16261. The third shared haplotype, the
least common of the three, is shared by a Yuman
(Pai) and Piman (Taono O’odham) sample. In addi-
tion, many Pimans share a mutation at np 16186,
although they are further differentiated from each
other by additional mutations. Another feature of
this network is the large number of undetected hap-
lotypes (unobserved intermediate haplotypes that
are steps between observed haplotypes).
The haplogroup C network contains haplotypes
from the Southwest as well as from Uto-Aztecan
groups from Central Mexico, the Great Basin, and
Southern California. Other than the founding hap-
lotype of haplogroup C (Forster et al., 1996), shared
by the Shoshone and central Uto-Aztecan groups
(together with three Seri), the network displays dis-
tant genetic relationships among the three geo-
graphically distant Uto-Aztecan groups. The Seri
that fall outside the founding haplotype cluster
tightly together, all containing a mutation at np
16301, and the Northern Paiute cluster together due
to a mutation at np 16189. A single haplotype is
shared between one Delta Yuman (Kumeyaay) and
one California Uto-Aztecan (Luiseño). This result
likely reflects gene flow structured through geo-
Fig. 6. Haplogroup B network. Numbers correspond to last three digits of nucleotide position, and indicate defining mutations for
each clade. Size of circle and numbers preceeding names correspond to number of individuals found with that haplotype. Solid circles
represent hypothetical haplotypes not found in our sample.
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graphic proximity, since the Luiseño and the Kum-
eyaay are neighboring groups living near the border
of California and Mexico. Both Apache haplotypes
are a single mutational step away from Yuman or
Uto-Aztecan haplotypes, suggesting that the Apache
acquired them through admixture.
Table 3 shows the genetic diversity within haplo-
groups for Southwest populations and likely descen-
dants of archaeological traditions. Table 4 displays
the genetic diversity within haplogroup B for a large
number of populations throughout the Americas (see
Fig. 2 for corresponding geographical locations).
Southern Athapaskans exhibit substantially less di-
TABLE 3. Diversity estimates of native american groups for
haplogroups a and b
Population N Haplotypes S
Haplogroup A
Alaskan Athapaskan 6 6 3.500
Southern Athapaskan 8 3 1.930
Haplogroup B
Zuni 5 4 1.440
Jemez 8 4 1.930
Piman 6 6 3.940
Yuman 11 9 4.440




Fig. 7. Haplogroup C network. Numbers correspond to last three digits of nucleotide position, and indicate defining mutations for
each clade. Size of circle and numbers preceeding names correspond to number of individuals found with that haplotype. Solid circles
represent hypothetical haplotypes not found in our sample. The maternal ancestry of the Gabrielino sample is uncertain.
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versity in haplogroup A than Alaskan Athapaskans.
For haplogroup B, Pueblo groups show lower diver-
sity than Yuman and Piman groups. Estimates
(based on S) of such diversity are higher in South-
western (and highest in the Washo) than in other
populations in the Americas. North American and
some South American populations exhibit higher
diversity within haplogroup B than do Central and
Northern South American populations.
DISCUSSION
Origins and pattern of haplogroup B diversity
The known emergence and expansion of archaeo-
logical traditions in the American Southwest had a
significant effect on the genetic structure of native
populations in this region. This pattern is apparent
despite the homogenizing effects of high frequencies
of haplogroup B in most Southwest populations.
This high frequency of haplogroup B is accompanied
by a high level of diversity within this haplogroup.
Aside from the Washo in Western North America,
Southwest populations contain the highest amount
of diversity within haplogroup B in the Americas
(Kaestle, 1998). In contrast, populations in Central
and South America exhibit a drastically reduced
level of diversity within haplogroup B, as evidenced
by their low value of S and their high proportion of
founding haplotypes and single haplotypes one mu-
tational step away from the founding lineage (net-
work not shown). This supports the related hypoth-
eses that 1) these same populations underwent a
population bottleneck during the peopling of Central
and South America (Batista et al., 1995; Kolman et
al., 1995), and that 2) a high population density was
reached in Central America soon after South Amer-
ica was settled, inhibiting Southward migrations
from North America (O’Rourke et al., 1992). Kolman
and Bermingham (1997) speculated that the cul-
tural and genetic distinctiveness of Central Ameri-
can populations suggests that they acted as a bar-
rier to migration through this region. Thus,
populations of South America might have experi-
enced an extended period of very low population
density, relative isolation, and genetic drift, due to a
second genetic bottleneck subsequent to the founder
effect associated with the earliest settlement of the
Americas.
While the Mapuche of Argentina and the Pehu-
enche of Chile exhibit unusually large amounts of
diversity within haplogroup B relative to other pop-
ulations of South America, the Mapuche of Chile
(from Huapi Island) exhibit significantly different
haplogroup distributions than the Mapuche of Ar-
gentina (Moraga et al., 2000). A similar pattern is
exhibited in the Yanomama of Brazil and Venezuela
(Merriwether et al., 2000), and is consistent with
events leading to strong genetic drift. The high lev-
els of diversity in some groups are probably due to
recent admixture with neighboring populations
(O’Rourke et al., 1992). The increased level of isola-
tion among tribes is probably attributable to higher
levels of habitat and linguistic diversity in South
America than in North or Central America (Mace
and Pagel, 1995).
The high frequency and diversity of haplogroup B
in the Southwest are probably due to an early colo-
nization of this region by populations that contained
or developed a high frequency of haplogroup B, fol-
lowed by a rapid population expansion later in time.
Currently, the oldest archaeological site in the
Southwest (the Aubery site), at 11,550 rcBP (13,400
BP), contains Clovis technology (Fiedel, 1999) whose
users probably experienced the effects of very low
population densities. One possible explanation for
the predominance of haplogroup B in these early
Southwest populations is that early inhabitants of
the Southwest were big game hunters who experi-
enced genetic drift due to an initial small population
TABLE 4.
Diversity estimates within haplogroup B for 18 tribes from North, Central, and South America1
Population N Haplotypes S References
Cayapa 6 1 0.000 Rickards et al., 1999
Ngobe 15 3 0.310 Kolman et al., 1995
Mapuche (Chile) 8 2 0.386 Moraga et al., 2000
Kuna 18 3 0.580 Batista et al., 1995
Xavante 21 3 0.834 Ward et al., 1996
Chikasaw 5 5 1.320 Weiss and Smith, unpublished findings
Yanomama 10 5 1.410 Merriwether et al., 2000
Choctow 5 3 1.440 Weiss, 2001
Nuu-Chah-Nulth 5 4 1.440 Torroni et al., 1993; Malhi, 2001
Yakima 15 4 1.540 Shields et al., 1993
Norris Farms 7 4 1.630 Stone and Stoneking, 1998
Cherokee 11 5 1.710 Malhi et al., 2001
Mapuche (Argentina) 15 5 1.850 Ginther et al., 1993
Pueblo 15 7 2.150 This study
Pehuenche 7 6 2.450 Moraga et al., 2000
Piman 8 6 3.090 This study
Yuman 11 8 4.100 This study
Washo 5 4 4.320 Kaestle, 1998
1 Nucleotide positions 16092–16360 were analyzed.
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size, causing haplogroup B to become the predomi-
nant haplogroup in this region. Alternatively, hap-
logroup B might represent an independent migra-
tion to the Americas, due to its absence in Siberia
and curious level of genetic diversity (Starikovskaya
et al., 1998; Schurr et al., 1999).
The introduction of maize agriculture from Cen-
tral Mexico (approximately 3500 BP; Smith, 1995)
probably contributed to the eventual expansion of
haplogroup B. Even though agriculture spread from
Central Mexico to North and South America at
about the same time (Smith, 1995), this population
expansion associated with agriculture in North
America was far more limited in South America, as
evidenced by the lack of genetic homogeneity over a
large geographic area usually observed with a pop-
ulation expansion. The limited influence of maize
agriculture on populations in South America was
probably due to the barrier of Central American
populations to an expansion southward as well as
high levels of ecological diversity in South America.
Southwest populations also exhibit relatively high
frequencies of the B haplotype with T at np 16,261
also found in Mongolia (Kolman et al., 1996) and
South China (Yao et al., 2000). The occurrence of
this haplotype in the Nuu-Chah-Nulth, located in
the Pacific Northwest (Malhi, 2001), as well as in
Southwest populations, suggests that this haplotype
might be a founding lineage in colonizing popula-
tions (Malhi et al., 2002). Previous studies attempt-
ing to determine the number of founding haplotypes
for Native Americans were based on relatively few
samples representing a large geographic region, and
probably resulted in an oversimplified view of the
peopling process. Forster et al. (1996) were only able
to identify a single founding B haplotype from their
general survey of populations throughout the Amer-
icas. The present study shows that an extensive
survey of mitochondrial DNA variation within re-
gions that exhibit high frequencies of a certain hap-
logroup, in this case haplogroup B, can reveal pre-
viously unknown potential founding Native
American haplotypes. Detailed studies of popula-
tions in the Northeast and the interior West of
North America might identify additional founding
haplotypes for haplogroups C and D, respectively,
which are found in high frequencies in these regions
(Lorenz and Smith, 1996). Due to the high frequency
of lineage extinctions in populations over time
(Avise, 2000), it is possible that additional founding
haplotypes do not survive in modern Native Ameri-
can populations. In that event, analysis of ancient
populations in North America holds the greatest
potential for discovering additional Native Ameri-
can founding haplotypes.
Anasazi and Hohokam
The Zuni share a main haplotype with the Jemez,
suggesting, along with the archaeological record, a
common ancestry located in the heart of the South-
west perhaps as long as 3000 BP. Based on the
distribution of haplogroup frequencies, the Pueblo
groups are not statistically genetically different
from the prehistoric Anasazi from Grand Gulch
(Carlyle et al., 2000). The low levels of diversity
within haplogroup B for the Jemez and Zuni suggest
that these populations experienced similar histories.
Workman et al. (1974) showed that Zuni and Taos
Pueblo groups share an unusually high level of blood
group B and overall lack genetic diversity, likely due
to isolation of the Zuni and other Pueblo groups. The
archaeological record of the ancient Anasazi and
Pueblo traditions reveals a large-scale abandonment
of village sites, followed by aggregation into compact
isolated communities (Fagan, 2000). This pattern
suggests the possibility of high levels of lineage ex-
tinction due to a genetic bottleneck in the Anasazi
and Pueblo groups that might have resulted in the
low diversity of haplogroup B found among their
descendants.
The Jemez, Cocopa, and Cochimi also share a
central haplotype within haplogroup B that is rare
outside of these Southwest groups. Ancestors of
the Yumans probably had close contact with the
ancestral Jemez. Therefore, contrary to conclu-
sions based on the linguistic data, genetic data
point to a Yuman homeland in the Arizona/New
Mexico region of the Southwest rather than in
Baja California. The Yumans may then have ex-
panded to Southern California and Baja Califor-
nia later, as evidenced by the distribution of the
Hakatayan culture.
The nearly identical distribution of haplogroups in
both Yumans and Pimans is consistent with blood
group data (Brown et al., 1958), while the appear-
ance of the Albumin*Mexico variant in all tribes
representing both of these groups suggests either
extensive admixture between these groups or com-
mon ancestry for them. The Zuni also contain the
Albumin*Mexico variant (Schell and Blumberg,
1977), and their haplogroup distribution is statisti-
cally indistinguishable from that of the Pai Yuman.
These results are in accordance with linguistic evi-
dence presented by Shaul and Hill (1998) suggesting
that ancestors of these three groups participated in
the Hohokam culture. It is interesting to note that
no Piman haplotypes are represented in the three
main shared haplotypes of the B network, and that
many of the Piman haplotypes contain unique mu-
tations at np 16186 and np 16317. It is possible that
the ancestors of Pimans are not native to the Amer-
ican Southwest but migrated to the American
Southwest from the region now identified as the
Mexican state of Sonora, approximately 1500 BP.
Pimans probably extensively admixed with, and in-
troduced Albumin*Mexico to, Yumans upon entry
into the American Southwest, during the emergence
of the Hohokam cultural period. If the south to north
movement of the ancestors of Pimans coincides with
the spread of the Tepiman languages, this is in
disagreement with the conclusions of Shaul and
Hill (1998), who provided multiple lines of linguistic
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evidence that suggest a north to south spread of the
Tepiman languages. Perhaps the split and south-
ward spread of Tepiman languages postdated the
movement of Piman ancestors into the American
Southwest. It is also possible that analysis of nu-
clear and Y-chromosome markers will show a differ-
ent genetic pattern, since the distribution of mtDNA
haplotypes is biased by female movement.
Uto-Aztecan migration
Due to the independent origin of the 9-bp deletion
in members of haplogroup A in the Americas, it is
possible that samples identified as haplogroup B in
Mesoamerica, using 9-bp deletion detection and not
confirmed by mtDNA control region sequence anal-
ysis or tested for the presence of the HaeIII site gain
at np 663, are actually members of haplogroup A.
Therefore, the Nahua might be even less similar to
the Pimans and Northern Paiute than previously
reported (Smith et al., 2000), due to an overestimate
of the frequency of haplogroup B in Mesoamerica.
The large differences in haplogroup frequency dis-
tributions among populations of the main branches
of Uto-Aztecan, along with the distribution of hap-
lotypes in the haplogroup C network, suggest that
the spread of Uto-Aztecan was not the result of a
population expansion northward caused by the de-
velopment of maize cultivation in Mesoamerica. A
population expansion caused by the development of
agriculture would have likely involved the move-
ment of women; therefore, the distribution of Uto-
Aztecan was caused either by a language/culture
spread that did not involve the movement of people,
or by the migration of predominantly males, perhaps
merchants engaged in trade activity along the Tepi-
man corridor.
The latter hypothesis is more consistent with the
distribution of Albumin*Mexico and GM haplotypes
(Callegari-Jacques et al., 1993). Anthony (1990) de-
scribed the behavior of migration as typically per-
formed by defined groups. He described Julius Cae-
sar’s documentation of the migration of the Helvetii
in 58 BC as a movement inspired by the ideology of
“glory-seeking young men.” The major interpreta-
tion of the linguistic evidence suggests that proto-
Uto-Aztecan diversified and spread southward from
the American Southwest approximately 5500 BP
(Miller, 1983). The direction of this movement
agrees with Aztec legends of their descent from
Chichimec barbarians from the north who invaded
Central Mexico approximately 700 BP (Fagan, 1984).
However, this interpretation is in disagreement with
the pattern of distribution of Albumin*Mexico. The
distribution of Albumin*Mexico is in equilibrium
with mtDNA haplogroups in the Pimans but not in
the Yumans (Smith et al., 2000). Disequilibrium
between the Albumin and mtDNA loci in Yumans
suggests they acquired Albumin*Mexico from the
Pimans relatively recently. That Albumin*Mexico
is widely dispersed among groups speaking a va-
riety of Uto-Aztecan and non-Uto-Aztecan lan-
guages in Mexico, but is limited to Southwestern
groups whose ancestors participated in the Ho-
hokam cultural tradition, suggests that the muta-
tion was introduced into the Southwest by immi-
grants from Mesoamerica. It is possible that the
pattern and distribution of Albumin*Mexico in the
American Southwest is the result of male Piman
ancestors moving north, approximately 1500 BP,
long after the initial spread of the Uto-Aztecan
languages. Studies of nuclear DNA, especially Y-
chromosome markers, should provide insight into
the origins and spread of Uto-Aztecan languages.
Athapaskan migration
The lower sequence variation in the Southern
Athapaskans compared to Northern Athapaskan
groups suggests that Southern Athapaskans expe-
rienced a founder effect/bottleneck during and/or
after their migration to the Southwest. This
founder effect probably explains the high fre-
quency of the otherwise rare haplotypes with mu-
tations at np 16331 and np 16233 in Southern
Athapaskans. Since this haplotype is not seen in
the Nahua (Uto-Aztecan) of Mexico or in Native
American haplotypes from North-Central Mexico
(Green et al., 2000), a majority of haplogroup A
present in the Southwest must have arrived with
Athapaskans migrating from the North rather
than from Mexico. However, this founder effect
does not explain the disparity in haplogroup fre-
quencies between Northern and Southern Atha-
paskans. If a founder effect were responsible for
the higher frequencies of haplogroups B, C, and D
in Southern Athapaskans, the Navajo and the
Apache should exhibit similar frequencies of these
haplogroups, because linguistic evidence suggests
that the Navajo and Apache migrated to the
Southwest as a single group (Hoijer, 1956).
However, the Navajo and Apache display signifi-
cantly different haplogroup frequencies. The Navajo
share a major nonfounding haplogroup B haplotype
with the Zuni and Jemez, while the Apache share a
haplogroup C haplotype with the Yavapai. Brown et
al. (1958) also observed that Navajo and Apache
groups share blood group phenotypes with those
groups in closest geographic proximity to them. This
result suggests that the Southern Athapaskans ob-
tained haplogroups other than A solely through ad-
mixture. Specifically, the Navajo admixed with the
Pueblo groups and the Apache admixed with the
Yuman and Piman groups. This result is consistent
with the high frequency of Albumin*Mexico in the
Apache and the low frequency of Albumin*Mexico in
the Navajo, since the Yumans and Pimans possess
Albumin*Mexico and the Pueblo groups do not
(Smith et al., 2000).
In addition, historic records document that dur-
ing the formation of the historic Navajo popula-
tion, large numbers of Pueblo refugees were ab-
sorbed into Navajo populations during the Pueblo
Revolt of the 1680s (Brooks, 1999). This amalgam-
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ation probably produced some of the similarities
observed between Navajo and Pueblo groups, but
it does not fully explain the genetic patterns for
Southern Athapaskans described above. Since
non-Athapaskan Southwestern groups do not
carry significant levels of haplogroup A, it is rea-
sonable to conclude that gene flow with Athapas-
kan groups was almost entirely unidirectional.
Perhaps Southern-Athapaskans acquired wives
through warfare or trade, a circumstance that
might have been necessary for the survival of a
(presumably) small immigrant group.
CONCLUSIONS
The diversity within haplogroup B in populations
from western North America suggests that groups
exhibiting high frequencies of haplogroup B experi-
enced a population expansion in this region in pre-
historic times. The introduction of maize cultivation
into the Southwest may have contributed to this
expansion. In contrast, populations in South Amer-
ica exhibit low diversity estimates within haplo-
group B. This low amount of diversity may be a
result of a population bottleneck during the peopling
APPENDIX: DNA Sequence (nucleotide positions 16055–16548)
Sample 16092 16111 16188 16189 16192 16223 16233 16290 16319 16331 16362 16390 16519 N
CRS T C C T C C A C G A T G T
Navajo A . T . . . T . T A . C . . 2
Navajo A . T . C T T G T A G C . . 1
Nahua A C . . . . T . T A . C A C 1
Nahua A . . T . . T . T A . C A . 1
Nahua A . . . . . T . T A . C A . 1
Apache A . T . . T T G T A G . . . 4
Sample 16075 16092 16111 16157 16164 16182 16183 16186 16189 16197 16217 16223 16227 16249 16261 16278 16311 16317 16325 16342 16357 16483 16519 N
CRS T T C T A A A C T C T C A T C C T A T T T G T
Zuni B . . T . . . C . C . C . . . . . . . . . C A C 1
Zuni B . . T . . . C . C . C . . . . . . . . . . A C 2
Zuni B . . . . . . C . C T C . . . . . . . . . . A C 1
Zuni B . . T . . . C . C T C . . . . . . . . . . A C 1
Jemez B . . . . . C C . C . C . . . . . . . . . . . C 1
Jemez B . . T . . . C . C . C . . . . . . . . . . A C 1
Jemez B . . . . . . C . C . C . . . T . . . . . . . C 2
Jemez B . . . . . C C . C . C . . . . . . . . . . . C 3
Jemez B . . . . . . C . C T C . . . . T . . . . . . C 1
Seri B . . T . . C C . C . C . . . . . . . . . . A C 1
Navajo B . . T . . . C . C . C . . . . . . . . . . A C 1
Navajo B N N N . . . . . C . C . . . . . . . . . . A C 1
Apache B . . T . . . C . C . C . . . . . . . . . . A C 1
Pima B . . . . . . C T C . C . . . . . . T . . . . C 1
Pima B . C . . . . C T C . C . . . . . . . . . . . C 1
Taono
O’odham B
C . . . . . . . C . C . . . . . . T . . . . C 1
Taono
O’odham B
. . . . . . C T C . C . . . T . . . . . . . C 1
Taono
O’odham B
. . . . . . C . . . C . . . T . . . . . . . C 1
Paipai B . . . . . . C . . . C . . . T . . . . . . . C 1
Paipai B . . . C . . . T C . C . . C . . . . . . . . C 1
Yavapai B . . . . . . C . C . C . . . . . . . . C . A C 1
Kiliwa B . . . . . . C . C T C T G . T . . . . . . . C 1
Kumeyaay B . . T . . C C . C . . . . . . . . . . . . A C 1
Cochimi B . . . . . . C . C . C . . . T . . . . . . A C 1
Sample 16104 16129 16188 16223 16234 16295 16298 16301 16311 16325 16327 16362 16385 16519 N
CRS C G C C C C T C T T C T A T
Navajo C . . T T . . C . C C . . . . 1
Nahua C T . . . . . C . . C T . . . 2
Apache C . . . T . . C . . C T . G . 1
Apache C . A . T T T C . . C T . . . 1
Pima C . . . T . . C . . C T . . . 2
Pima C . . . T . . C . C C T . . . 1
Seri C . . . T . . C T . C T C . C 1
Seri C . . . T . . C T C C T C . . 1
Seri C . . . T . . C T . C T . . . 1
Seri C . . . T . . C . . C T . . C 2
Seri C . . . T . . C T . C T C . . 1
Seri C . . . T . . C . . C . . . C 1
Sample 16111 16179 16182 16183 16189 16213 16223 16278 16483 16519 N
CRS C C A A T G C C G T
Pima X T T C C C . . T A C 1
CRS, Cambridge Reference Sequence (Anderson et al, 1981).
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of South America, or the result of relatively in-
creased isolation among South American popula-
tions. Further investigation into the within-haplo-
group diversity among many widespread North
American and South American populations may
clarify this issue.
The results from this study suggest that language
differences played a minimal role in structuring
gene flow among populations in the Southwest. De-
spite the high frequency of haplogroup B within
Pueblo groups, they exhibit a paucity of diversity
within this haplogroup. Yuman and Piman groups,
however, exhibit a large amount of diversity within
haplogroup B and in haplogroup frequencies. This
suggests that groups in the Southwest experienced
significantly different population histories, possibly
as a result of their inclusion in different cultural
traditions during prehistoric times.
The distribution of mtDNA haplogroups and
haplotypes among Uto-Aztecan-speaking groups
in the Southwest and in Central Mexico suggests
that the spread of Uto-Aztecan was not the result
of a population expansion northward caused by
the development of maize cultivation, as sug-
gested by Hill (2001). The distribution of nuclear
markers such as Albumin*Mexico (Smith et al.,
2000), however, suggests that the spread of Uto-
Aztecan may have been a predominantly male-
mediated event. In addition, the reduced amount
of variation in haplogroup A in Southern Athapas-
kans compared to Northern Athapaskan groups
suggests that Southern Athapaskans experienced
a founder effect during their migration to the
Southwest. However, the significant difference in
haplogroup frequencies between the Apache and
Navajo is the result of a large amount of admix-
ture with different Southwest groups. Specifically,
the Apache admixed with Yuman and Piman
groups, while the Navajo admixed with Pueblo
groups. Future studies, focusing on nuclear and
specifically Y-chromosome variation within South-
west, Athapaskan, and Uto-Aztecan groups, will
provide useful information that can be used to
evaluate the existence and nature of these migra-
tions.
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mitochondrial diversity within a single Amerindian tribe. Proc
Natl Acad Sci USA 88:8720–8724.
Ward RH, Salzano FM, Bonatto SL, Hutz MH, Coimbra CEA,
Santos RV. 1996. Mitochondrial DNA polymorphism in three
Brazilian Indian tribes. Am J Hum Biol 8:317–323.
Watkins WS, Bamshad M, Dixon ME, Rao BB, Naidu JM, Reddy
PG, Prasad BVR, Das PK, Reddy PC, Gai PB, Bhanu A, Ku-
suma YS, Lum JK, Fischer P, Jorde LB. 1999. Multiple origins
of the mtDNA 9-bp deletion in populations of South India. Am J
Phys Anthropol 109:147–158.
Watterson G. 1975. On the number of segregation sites in the genetical
models without recombination. Theor Popul Biol 7:256–276.
Weir BS. 1990. Intraspecific differentiation. In: Hillis DM, Moritz
DC, Marble BK, editors. Molecular systematics. Sunderland,
MA: Sinauer Associates, Inc. p 373–410.
Weiss DA. 2001. Mitochondrial DNA diversity among Native
Americans from the southeastern United States. Am J Phys
Anthropol [Suppl] 30:63.
Workman PL, Niswander JD, Brown KS, Leyshon WC. 1974.
Population studies on southwestern Indian tribes IV. The Zuni.
Am J Phys Anthropol 41:119–132.
Yao YG, Watkins WS, Zhang YP. 2000. Evolutionary history of
the mtDNA 9-bp deletion in Chinese populations and its rele-
vance to the peopling of East and Southeast Asia. Hum Genet
107:504–512.
124 R.S. MALHI ET AL.
